Cold stratification was reported to release seed dormancy and enhance plant tolerance to salt stress. Experiments were conducted to test the hypothesis that cold stratification and cold stratification in salinity could enhance seedling growth of wheat under salt treatment. The results clearly demonstrated that cold stratification significantly improved emergence and shoot length of wheat seedlings under salt stress as compared to non-soaked control and distilled water soaked pre-treatment. However, cold stratification in salinity did not have a positive effect. Cold stratification, but not stratification in salinity, seems to be an effective technology for improving wheat growth in saline soil.
INTRODUCTION
Salt stress is one of the major growth-limiting factors in irrigated agriculture in north China. About 8% of arable land is affected by salinity in China (Yang and Bi, 1996) . Soil salinity adversely affects seedling emergence, crop growth and agricultural production. Among different methods used to cope with salinity, seed pre-sowing treatment (seed priming) is an easy and cheap technique . Many seed pre-sowing treatments have been used to increase salt tolerance of wheat. These pre-treatment techniques include salt solution priming (NaCl, CaCl 2 ·2H 2 O, Ca(NO3) 2 ·4H 2 O, KNO 3 ) (Chaudhuri and Wiebe, 1968) , hydropriming (water soaked pre-treatment) (Chaudhuri and Wiebe, 1968) , biopriming (Trichoderma harzianum) (Rawat et al., 2011) , vitamin and hormonal priming (abscisic acid, ascorbic acid, benzylaminopurine, indoleacetic acid, indolebutyric acid, kinetin, salicylic acid, sodium salicylate, thiamin and tryptophane) (Al-Hakimi and Hamada, 2001; Afzal, 2006; Ashraf , 2006, 2007; Khan et al., 2011) and pre-sowing chilling (cold stratification) (Iqbal and Ashraf, 2010) . Cold stratification has been applied to break seed dormancy, increase the germination percentage and rate, and enhance growth and yield in a range of plant species (including crops) (Singh and Banerji, 1983; Bungard et al., 1997; Olmez et al., 2009; Olmez, 2011; Okay et al., 2011) . Several research studies have been done on the use of cold stratification as priming method applied in the laboratory and on a farm scale to overcome salinity problem (Sharma and Kumar, 1999; Qu et al., 2008; Wang et al., 2008; Iqbal and Ashraf, 2010) . However, little research has been done on the cold stratification in salinity pre-treatment (Redondo-Gómez et al., 2011) .
The aim of this study was to explore the role of cold stratification pre-treatment and particularly cold stratification in salinity in improving emergence and growth in wheat seedlings under salt treatment. Effects of different pre-treatments (control, distilled water soaked, cold stratification and cold stratification in salinity) on seedling emergence percentages (A) and shoot length (B) of wheat at 25°C in 12 h light : 12 h dark photoperiod. Different lower-case letters at each NaCl concentration indicate significant differences (P<0.05) between pre-treatments (Bonferroni test). Control: non-soaked; distilled water soaked: primed in distilled water at room temperature (18 to 24°C) for 8 h; cold stratification: caryopses were placed on moist (distilled water) Whatman No.1 filter paper in 5-cm-diameter Petri dishes and chilled at 1°C for 4 weeks; cold stratification in salinity: caryopses were placed on moist (80 mmol L -1 NaCl) filter paper and chilled at 1°C for 4 weeks.
MATERIALS AND METHODS

Caryopses
of Whatman No. 1 filter paper moistened with 9 ml of distilled water or NaCl solution (50, 100, 150 and 200 mmol L -1 ) in 5-cm-diameter Petri dishes; sealed with parafilm and placed in a light incubator at 25°C with three replicates for 5 days. Caryopsis was considered to have emerged when the shoot grew 1.5 cm long. Twenty seedlings of each treatment were randomly selected to measure shoot length at the end of incubation.
RESULTS AND DISCUSSION
A two way ANOVA showed significant effects for salinity and pre-treatments on both seedling emergence percentages and shoot length of spring wheat cultivar Xindong No. 26 (P<0.001).
Seedling emergence percentages decreased with the increase in salinity concentrations ( Figure 1A) . Distilled water soaked pre-treatment showed little effect on seedling emergence. Cold stratification in salinity significantly inhibited seedling emergence at the lower salinities (0 to 100 mmol L -1 NaCl). Cold stratification improved seedling emergence in higher salinities (150 to 200 mmol L -1 NaCl) ( Figure 1A ). Afr. J. Biotechnol.
Shoot length decreased with the increase in salinity concentrations ( Figure 1B) . Shoot length after distilled water soaked pre-treatment and cold stratification in salinity was similar to un-soaked control. However, the shoot length after cold stratification was the longest in each salinity concentration ( Figure 1B) .
In the present study, salinity caused significant decrease in emergence percentages and growth of wheat seedlings. Caryopses primed with cold stratification proved to be effective in inducing salt tolerance at seedling emergence stage in wheat. These results are in consistent with those of Iqbal and Ashraf (2010) , who observed that germination percentage and rate, shoot dry mass of seedlings and grain yield decreased with increasing salinity, while caryopses treated with cold stratification (pre-sowing chilling) decreased the negative effect of salinity. The beneficial effects of cold stratification could be attributed to ionic homeostasis and hormonal balance (Sharma and Kumar, 1999; Ashraf, 2007, 2010) . Caryopses primed with cold stratification in salinity proved to be non-effective. Though cold stratification or salt solution pre-treatment alone is an effective method to improve salt tolerance of wheat caryopses, the combination of these two methods fail to improve seedling emergence and growth. These results are not completely in agreement with those of RedondoGómez et al. (2011) , who reported that negative effect of cold stratification on salinity was restricted to the intermediate saline concentration. The reason for inducing salt tolerance by salt pretreatment has been discussed in detail (Chaudhuri and Wiebe, 1968; Tajdoost et al., 2007) . However, there is no proper explanation for negative effects of cold stratification in salinity. A possible explanation of this phenomenon is that toxicity of NaCl counteracts the positive effects of cold stratification.
Our experiments indicated that cold stratification increased the ability of wheat to grow successfully under saline conditions, whereas cold stratification in salinity was not effective in inducing salt tolerance. Cold stratification for several weeks might be used to induce resistance to salt stress of wheat. In addition, this pretreatment is simple, and does not need expensive chemicals and special equipments.
